Noise is omnipresent in biomedical systems and signals. Conventional views assume that its presence is detrimental to systems' performance and accuracy. Hence, various analytic approaches and instrumentation have been designed to remove noise. On the contrary, recent contributions have shown that noise can play a beneficial role in biomedical systems. The results of this literature review indicate that noise is an essential part of biomedical systems and often plays a fundamental role in the performance of these systems. Furthermore, in preliminary work, noise has demonstrated therapeutic potential to alleviate the effects of various diseases.
Introduction
Albert Einstein discovered noise accidentally in 1905, when he observed that atoms move according to the Brownian molecular motion [1] . Following his discovery, numerous descriptions of physical and biological systems have made incidental reference to noise, without recognizing its essential contribution. Noise is often regarded as an unwanted component or disturbance to a system, even though it has a tremendous impact on many aspects of science and technology [1] , including medicine and biology. A typical example for such a statement is a field of engineering called signal processing. On one hand, many signal processing algorithms have been designed to remove noise from a system, since greater noise levels are associated with degraded performance of algorithms.
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† Lewis A. Lipsitz is with Harvard Medical School, Beth Israel Deaconess Medical Center and Hebrew Senior Life, processing including stochastic optimization techniques, genetic algorithms, dithering, just to name a few. Similarly, another concept called stochastic resonance (SR), first proposed in 1981 (e.g., [2] , [3] ), describes a positive impact of noise in nonlinear systems. SR refers to the fact that at an optimal level of input noise, signal detection is enhanced [4] , [5] . SR is observed in both man-made and naturally occurring nonlinear systems [6] . For example, paddlefish were shown to use SR to locate and capture prey, implicating this phenomenon in animal behavior [7] . Also, small noisy input can influence the firing patterns of squid axons [8] , enhance breathing stability in pre-term infants [9] , improve postural control in human aging, stroke or peripheral neuropathy [10] , [11] , and stabilize gait in elderly people with recurrent falls [12] .
The intent of this manuscript is to inform researchers from multiple scientific disciplines that noise (i.e., stochastic processes) is a critical component of many biological and physiological systems that may be exploited in the future to develop interventions for the prevention and treatment of diseases. In other words, this manuscript is a crossover between a review paper and a position paper and as such is meant to initiate further discussions about the role of stochastic processes in modeling of physiological systems.
Search criteria
To gather previous contributions cited in this manuscript, we utilized PubMed and Google Scholar to find manuscript published in English using a variety of search terms (e.g., "noise physiology," "noise medicine," "noise brain," "noise aging"). These search terms yielded thousands of manuscripts and we focused only on representative publications from several fields. Extensive coverage of all topics is beyond the scope of this paper, since excellent extensive reviews of each have been previously published (e.g., [6] , [13] ).
Organization of the paper
The paper is organized as follows: Section 2 introduces various stochastic processes considered in biomedical systems, while also describing the physiological meaning of these processes. Section 3 discusses the important role of noise in fundamental biomedical systems. In Section 4, we discuss several translational applications of noise to treat diseases, while in Section 5, we provide concluding remarks along with an outline of possible future directions.
2 Noise and variability in physiological systems
Description of noise
By definition, noise is a stochastic process with specific spectral characteristics. While many different stochastic processes exist, we consider here the most common types discussed in the literature.
White noise is a stochastic process characterized by equal energy over all frequencies. In mathematical terms, its power spectral density is equal to:
where C w is a constant. The name "white" stems from the fact its power spectral density is the same at all frequencies in an analogy to the frequency spectrum of white light. A time-domain realization of the white noise is depicted in Fig. 1 (a), while its power spectral density is depicted in Fig. 1 
(b).
Pink noise (also called fractal or 1/f noise) is a stochastic process suitable for modeling evolutionary or developmental systems characterized by equal energy per octave as depicted in Fig 1(d) [14]. The power spectral density of pink noise is roughly inversely proportional to frequency [14] :
where C f is a constant and 0 < α < 2. 1/f noise is a stochastic process between white noise
(1/f 0 ) and red (Brownian) noise (1/f 2 ); hence, the name pink noise. Pink or fractal noise is found in numerous biological and physiological processes, including the organization of neural networks, Purkinje fibers in the heart, the vascular tree, bronchial tree, and bone trabeculae, as well as electroencephalographic rhythms, heart rate variability, and respiratory intervals [15] , [16] .The omnipresence of pink noise in many diverse applications has led researchers to speculate that there exists some profound law of nature that applies to all nonequilibrium systems and results in such noise [14] .
Because pink or fractal noise arises from the interaction of multiple physiologic or biologic control systems operating over different scales in time or space, it may confer system resiliency, adaptability, and structural integrity. For example, the structural (e.g. bone trabeculae) or functional (e.g., heart rate control) networks that generate such noise retain their integrity or functional ability if individual components are lost or interrupted. This fractal network organization also enables a system to adapt to stress by drawing on specific components and fine tuning its response to overcome a given perturbation [16] . Brownian or red noise is a stochastic process whose power spectral density, as depicted in Fig. 1(f), is defined as:
where C b is a constant.Mathematically, the Brownian noise can be defined as the integral of the white noise.
There are other types of noise specific to certain applications (e.g., blue noise, diotic noise, and dichotic noise). However, the extensive coverage of these topics is beyond the scope of the current manuscript.
Variability in health and psychosocial functions
Physiology teaches us that healthy systems are self-regulated to reduce variability and maintain physiologic constancy [17] . However, that is not the case in reality. Small amounts of noise, as depicted in Fig. 2(a) , can have a very beneficial role in physiological systems (e.g., [9] , [10] , [15] , [16] ). Also, the non-linear interactions of multiple regulatory systems and environmental influences operating over different time scales produce highly variable "noisy" behaviours in physiological processes that are far from constant [18] . For example, the normal human heartbeat fluctuates in a complex stochastic manner [17] , and can be modeled as a 1/f process (e.g., [19] ).
On the contrary, the stochastic properties of the heartbeat time series degrade in subjects at high risk of sudden death (e.g., congestive heart failure patients) becoming more characteristic of white noise. This situation is depicted in Fig. 2(b) , where a deviation from 1/f noise can result in reduced functional capacity and the onset of disease. Similar counterintuitive results have been obtained in other fields. For example, gene expression can be thought of as a stochastic process [18] , [20] . Stochastic gene variations can have both beneficial and harmful roles. Different patterns of gene expression can influence the stress response, metabolism, development, the cell cycle, circadian rhythms, and aging [18] . Therefore, elucidating the stochastic mechanisms involved in physiologic control systems and complex signaling networks is emerging as a major challenge in the postgenomic era [17] .
The role of noise in fundamental biomedical systems
A number of studies elucidating the fundamental mechanisms of biological systems suggest that noise is an "essential ingredient" in these systems, without which they cannot function. For example, noise plays an important role in molecular transitions or interactions that control cellular behavior (e.g., how cells acquire fate) [21] . Furthermore, several mathematical models used to describe biological processes require a noise term to adequately model the behaviour of these processes.
Cells, genetics/gene networks
Cellular processes, such as transcription and translation, chromatin remodeling and pathwayspecific regulation, are sources of stochastic events leading to cell-to-cell variability [18] , [22] . In fact, cellular behaviour varies in clonal cell populations despite their development in identical environments [23] .
Stochastic processes can have a dual role in these systems. One point of view is that the stochasticity obstructs the efficient functioning of cellular processes [24] . The accuracy of cellular processes, such as the circadian oscillator, is limited by noise in gene expression [20] . Noise can interfere with the operation of engineered genetic circuits [25] and cell-to-cell variability can be reduced by engineering a circuit with negative feedback [26] . There is also evidence that aging is associated with increased randomness in gene expression [18] . For example, cell type-specific gene expressions in individual murine cardiac myocytes [27] , murine muscle tissues [28] and C. elegans [29] become increasingly stochastic as the organism ages. While the mechanisms underlying these stochastic phenomena are still unclear, the process of aging may be dependent on the effects of stochastic gene expression [18] . Another interpretation of these observations is that changes in gene expression with aging are associated with a shift from the more adaptive 1/f or fractal-like noise, to more random or white noise-like behavior that cannot adapt to the metabolic demands of the aged cell. This notion will need experimental validation.
The second point of view is that noise might have beneficial properties [30] . For example, living cells usually acquire their fate deterministically by virtue of their lineage or their proximity to an inductive signal from another cell. However, a cell can choose to differentiate stochastically without apparent regard to environment or history [31] . This random behavior can arise from significant stochastic fluctuations (i.e., noise) in cellular components and biochemical reactions [30] , [32] . Additionally, differences in the micro-environments inhabited by individual cells and preexisting heterogeneity propagated to subsequent cell generations can be sources of such cell-to-cell variations [33] . Cell-to-cell variability is thus a complex function of regulation of gene expression and the regulatory and biochemical networks in which the gene products are embedded [30] .
Neural systems
Neuronal networks are known to have noisy, heterogeneous and compact structures [34] , [35] . There are two points of view regarding the role of noise in these networks. One point of view argues that noise lowers the signal-to-noise ratio causing the performance of these networks to degrade. The second point of view states that noise reduces spike-timing precision and therefore, the information rate is lowered. However, noise can play important and constructive roles for the amplification of information transfer in neuronal networks [36] , [37] .
Stochastic variations are an essential part of the nervous system [37] , and the effects of these variations in dynamical neurobiological systems have been studied extensively for both single neurons and neural networks. Pioneering works by Derksen and Verveen in 1966 [38] and by Katz and Miledi in 1970 [39] were the first to establish the probabilistic behavior of neurons in the central nervous system [34] . Derksen and Verveen investigated the role of membrane noise in the probabilistic behavior of neurons in the central nervous system [38] , while Katz and Miledi studied signal fluctuations associated with ACh receptor-mediated muscle depolarization [39] . The foundations set by these two groups were later applied to experimental data to gain an insight into the nature of transmembrane-conductance changes and information processing in the brain [34] . Subsequent publications showed that intracellular recordings of cortical neurons consistently display highly complex and irregular activity due to an intense and sustained discharge of presynaptic neurons in the cortical network [36] .
In addition to synaptic noise, the stochastic activity of ion channels is another significant source of noise in the nervous system. For example, thermal agitation causes voltage-gated ion channels in neuronal membranes to fluctuate randomly between conducting and nonconducting states inducing noisy membrane currents and subthreshold voltage fluctuations [40] , [41] . It is now understood that channel noise affects spike-timing reliability, action potential dynamics, signal detection, the tuning properties of the cell and overall has important effects on neuronal information processing capabilities [36] , [40] , [41] . Lastly, while noise often leads to increased responsiveness in the nervous system, empirical data and neuronal models demonstrate that noise can also subdue or turn off repetitive neuronal activity [8] , [42] .
Brain functions
Noise generated in the brain may influence brain behavior. Noise is generated in the brain by random spike firing times of neurons [13] . By influencing the variability of the firing of neurons, noise may influence decision-making, memory, and the stability of short-term memory and attention [43] . Furthermore, cognitive operations are also affected by stochasticity in N-methyl-D-aspartate activated receptors, which affect the stability of short-term memory and attention, and in alterations of gamma-amino-butyric acid receptor activated synaptic ion channel conductances which are predicted to influence how likely the system is to jump incorrectly into a pathological state of high activity [13] . Similarly, in motor learning, the brain uses movement errors to adjust planning of future movements. This physiologically plausible strategy is optimally tuned to the properties of motor noise, and likely underlies learning in many motor tasks [44] .
Overall, noise in the brain promotes decision-making, creativity and the shifting of attention to new tasks [13] . The presence of stochastic brain variations (e.g., due to stochastic variations in spiking of neurons and in synaptic transmissions) is helping investigators and clinicians to understand pathological brain stability states, such as schizophrenia and obsessive-compulsive disorder.
One notion is that there is a range of stability states in different individuals. Instability (e.g., due
to random firing of neurons) contributes to the symptoms of schizophrenia [45] , while too much stability contributes to the symptoms of obsessive-compulsive disorder [45] . Of potentially great importance is that by having a model that is based on the ion channel conductances affected by different neurotransmitters, it is becoming possible to make predictions about what could be favorable combinations of treatments for particular disorders [45] .
Human visual and auditory perception
Noise is omnipresent in sensory systems, ranging from the emission of neurotransmitters from the presynaptic membrane to the behavioral results in visual and auditory experiments (e.g., [6] , [46] , [47] , [48] , [49] , [50] , [51] ). For example, a recent study suggested that the addition of an appropriate amount of external noise can improve the perception of an "uncertain" visual signal that is difficult to detect [52] , [53] . Figure 3 depicts how adding an appropriate amount of noise improves image contrast and then degrades as we add too much noise [54] . Noise of a particular magnitude (i.e., the SR effect) also tends to enhance visually evoked responses in electroencephalography (e.g., [55] ) and magnetoencephalography studies (e.g., [56] ). Similarly, in [57] , the authors showed that a certain amount of noise reduced the pedestal effect, i.e., the improved detectability of a grating in the presence of a low-contrast masking grating. Their results supported the idea that a single mechanism underlies the pedestal effect and stochastic resonance in contrast perception [57] . 1/f noise is also effective in driving hallucinatory pattern formation as shown in [58] , where the authors explored the relationship between ordinary stimulus-controlled pattern perception and the autonomous hallucinatory geometrical pattern formation that occurs for unstructured visual stimulation (e.g., empty-field flicker). Similar results were observed in human hearing experiments [4] . 
Models of biological systems that require noise
Noise is a necessary component even in modeling of certain biomedical systems. In some cases, noise has a specific physiological meaning, while in others, limited knowledge about the systems under investigation yielded creation of a noise category to capture variability observed in experimental data. The next few subsections briefly cover some of the most well-known models requiring a noise term in order to adequately describe a function of a biomedical system. Although there are many more mathematical models that require a noise term in order to accurately model the phenomenon under consideration, it is beyond the scope of this manuscript to review all these different models.
Hodgkin-Huxley model
The Hodgkin-Huxley model, one of the most important models in biomedicine, describes membrane potential, activation of Na and K currents, and inactivation of Na current [59] . Specifically, the Hodgkin-Huxley model describes the spiking behavior and refractory properties of neurons and serves as a paradigm for spiking neurons based on the nonlinear conductance of ion channels [60] .
The model is given by four nonlinear coupled equations, one for the membrane potential V , and three for gating variables m, n, and h:
where m ∞ , h ∞ , n ∞ , τ m , τ h , τ n represent the saturation values and the relaxation times of the gating variables. The membrane potential is driven by three types of currents: ionic current I ion , external stimulus current I ext , and synaptic current I syn . I ion is related to the gating variables of m, n, h and describes the ionic transport through the membrane:
where V N a , V K , V l are the corresponding reversal potentials and the constants g N a , g K , and g l are the maximal conductances for ion and leakage channels. I ext is the external stimulus usually serving as a bifurcation parameter of the system. I syn is the sum of the current inputs from all synapses connected to the other neurons and can be modeled as:
where ξ(t) is Gaussian white noise, and σ and τ d are the intensity and the correlation time of the synaptic noise, respectively [60] . Fig. 4 examines the effects of varying σ on the membrane potential, V . As σ decreases, the potentials become highly regular as depicted in Fig. 4(d) . This shows that without noise in the organism, the human body would be a highly deterministic system, and would not be able to account for any changes in the environment.
The Hodgkin-Huxley-type models are important not only because their parameters are biophysically meaningful and measurable, but also because they allow us to investigate questions related to synaptic integration, dendritic cable filtering, effects of dendritic morphology, the interplay between ionic currents, and other issues related to single cell dynamics [59] and there are extensions to various other fields such as cardiology (e.g., [61] ) in the literature.
Fitz Hugh-Nagumo model
The Fitz Hugh-Nagumo model is a simple but representative example of excitable systems that occur in application ranging from kinetics of chemical reactions and solid-state physics to biomedical processes [62] . Originally it was suggested for the description of nerve pulses [62] , but it found its applications in other fields as well. The equations are:
where ε << 1 is a small parameter allowing one to separate all fast and slow motions; the parameter α governs the character of solutions; and the parameter σ governs the amplitude of the noisy external force ξ assumed to be additive white Gaussian noise with zero mean [62] .
Similarly as the Hodgkin-Huxley model, the Fitz Hugh-Nagumo model is sensitive to the magnitude of σ as depicted in Fig. 5 . The presence of noise is necessary in order for the model to accurately represent a biomedical process. 
Cancer risk modeling
Cancer is stimulated by successive somatic mutations [63] . Here, we briefly review a stochastic model for the computation of cancer risks based on the hypothesis of two successive mutations [63] .
The model assumes that cells likely to mutate will divide over the lifetime of the tissue. Next, the number of type 1 mutation cells produced over the lifetime of the tissue is distributed according to the Poisson distribution with mean µ. The branching process begins with the appearance of the first type 1 cell. This type 1 cell may die with probability 1 − p 1 . The second option is that the type 1 cell divides in two type 1 cells with probability p 1 . At each division of a type 1 cell, there is a probability p 2 for each daughter cell to be a type 2 cell. The probability that a branching process started by a single type 1 cell eventually gives birth to at least one type 2 cell may be computed exactly:
The number of type 1 branching processes that eventually produce at least one type 2 cell is given by the Poisson distribution with mean µP b (p 1 , p 2 ). Hence, the probability that cancer will occur in a particular tissue is given by
The parameter µ is crucial in this model as shown in Figure 6 , as its value will dictate the shape of the probability density function of cancer. For small values of µ, the probability of cancer is almost negligible, even when the probability of type 1 cell branching increases past 50%. However, as we increase the mean number of first mutations to µ = 100, the probability of cancer becomes 100%, as the probability of type 1 cell branching increases past 50%.
Clinical and therapeutic application of noise
Here, we present several applications of noise to enhance health. Also, we briefly discuss how noise (i.e., stochastic processes) can be used to model the effects of aging or social networks.
Noise-based devices
Noise-based bioengineering techniques and medical devices can play an important role for treating diseases and enhancing health overall. From a clinical standpoint, noise-based techniques and devices have been used to enhance signal detection in patients with significant sensory deficits, such as older adults [64] , [65] , patients with diabetic neuropathy [66] , patients with stroke [67] , or profoundly deaf people receiving speech cues by direct electrical stimulation of the cochlear nerve [68] . Nose-based devices have been used to increase tactile sensations [69] , [70] to help post-partum women achieve higher pelvic floor muscle activation [71] , or to alleviate postural instability due to ankle sprains [72] , [73] and lower back pain [74] . Noise-based solutions can even be used for the enhancement of brain-to-computer interfaces [75] .
Noise-based devices, such as randomly vibrating shoe insoles [10] that apply noise during specific activities or throughout the day, may enable people to overcome functional difficulties due to age-related sensory loss [11] , [64] , [76] , [77] , [78] , [79] . Furthermore, noise-based mechanical ventilators can improve gas exchange and could have a significant effect on morbidity by breaking the chain of injury propagation in acute lung injury [80] . These devices could potentially reduce the morbidity associated with various health issues, such as sensory loss and postural instability in elderly and disabled people or to help stroke patients and individuals with muscle and joint injuries in rehabilitation activities [64] . Noise-based techniques could potentially accelerate a patient's rehabilitation. In this regard, the ultimate realization of a noise-based device may be one that provides durable benefit that lasts long after the device is removed [76] .
Cognition
Noise has detrimental effects on cognitive performance due to the competition for attentional resources between the distracting and the target stimuli. This has been observed for a wide variety of tasks and stimuli as well as in different participant populations [81] , [82] . However, recent empirical evidence suggests that noise can also improve central processing and cognitive performance. For example, auditory noise enhanced the speed of arithmetic computations [83] and recall on visual memory tasks [84] . Thus, adding a moderate level of noise to the input of the information processing system can increase its signal-to-noise output. On the other hand, adding too little or too much noise attenuates performance [82] . This is consistent with the phenomenon of SR. Noise exerted a positive effect on cognitive performance for patients with the attention deficit hyperactivity disorder, indicating that these subjects need more noise than controls for optimal cognitive performance [82] . The Moderate Brain Arousal model suggests that noise in the environment introduces internal noise into the neural system through the perceptual system. This noise induces SR in the neurotransmitter systems and makes noise beneficial for cognitive performance [81] . Similarly, a recent experiment showed that background noise had opposing effects on inattentive and attentive children. While it enhanced performance for the former group, background noise deteriorated performance for latter group. Background noise also reduced episodic memory differences between these two groups of school children. This suggests that cognitive performance can be moderated by external background white noise stimulation in a non-clinical group of inattentive participants [82] . However, one should be aware that these stochastic resonance effects were not always present [50] .
Aging
As described above, many healthy physiologic processes exhibit stochastic variations due to multiple regulatory influences operating over different time scales. These influences include biochemical pathways, opening and closing of ion chambers, feed-forward and feed-back loops, temperature fluctuations, circadian rhythms and environmental changes. Together, they produce pink noise in the output signal as is evident in healthy heart rate, blood pressure, respiratory rate, electroencephalographic potentials, or center-of-pressure time series [15] , [16] . These noise signals lose their 1/f characteristics with aging and disease due to the degradation of various control mechanisms and their interactions, becoming more white or Brownian. As a result, the organism loses resiliency or adaptive capacity [15] , [16] .
This has been demonstrated in the postural control system by examining the body's centerof-pressure (COP) excursions while standing on a force plate [85] . Under normal circumstances, the COP time series exhibits 1/f behaviour, characteristic of pink noise. However, with the loss of vision, sensation in the feet, or both, there is a progressive loss of complexity and long-range correlations in the data. As a result, the individual has more difficulty adapting to a superimposed cognitive task (e.g., counting backwards while standing) and postural sway increases [85] .
Similarly, anatomic structures lose fractal-like architecture with aging, leading to a loss of functionality. This is evident in degeneration and loss of connectivity of the bone trabecular network leading to osteoporosis and fractures; the breakdown of fractal-like alveoli in the lungs leading to emphysema; and the disruption of the collagen matrix in the dermis leading to skin fragility and hemorrhage. In addition, age-related diseases such as the Alzheimer's (e.g., [86] ) or Parkinson's (e.g., [87] ) diseases affect the stochastic variations of physiological variables. For example, the insole forces during the freezing of gait in patients with the Parkinson's disease have been shown to have stochastic behaviour similar to a Brownian process [87] . Furthermore, Parkinson's patients lose the noisy, fractal-like physiologic tremor of the normal motor control system and develop a highly periodic tremor, which is characteristic of their disease. Fortunately, there is evidence that noise can be restored in at least the postural control system by exploiting the phenomenon of SR. When subsensory vibratory white noise was applied to the soles of the feet in healthy elderly subjects while standing on a force plate, the fractal-like multiscale complexity of COP displacements increased to values similar to those seen in young subjects [65] . This intriguing finding supports the notion that noise is an important component of a healthy, and highly functional, postural control system.
Social networks
Noise has also been shown to play role in the social sciences. For example, the psychic structure long known as the "self" is best conceptualized as a dynamical stochastic system [88] . Among the various topics addressed in this field, it has been found that models for opinion formation in a society exhibit a rich variety of nonlinear behavior, such as phase transitions and critical phenomena, stochastic resonance, chaos, and bistability [89] . In fact, the existence of SR in a model of opinion formation yields the appealing implication that there is an optimal noise level for a population to respond to an external "fashion" modulation. Lower noise intensities lead to the dominance of the majority's opinion, irrespective of external influences, while sufficiently stronger random fluctuations prevent the formation of a definite collective opinion [90] .
Since the recognition of noise at the beginning of the twentieth century, the prevalent view in most fields is that noise degrades system performance and most real-life events do not exhibit noise-like behavior. In this manuscript, we reviewed several biomedical fields where noise plays a constructive role and in some cases is necessary for a biomedical system to function properly. Such a constructive behavior is particularly obvious in systems that depend on the complex interactions of many different components operating on different time scales (i.e., nonlinear systems). Therefore, most of the research efforts have been geared towards:
• understanding the sources of stochastic fluctuations in biomedical systems and possible advantages and/or adverse consequences of these fluctuations on the systems;
• understanding why and how these systems have become robust in their noisy environments; and • how we can use noise to develop treatments and enhance human health.
Further development of noise-based devices or treatments in biomedicine depends on available computational and experimental tools that will answer questions about the the origins of noise in physiological systems and the mechanisms by which noise affects their function. On the computational side, we need to develop more sophisticated algorithms that are capable of simultaneously extracting important stochastic and deterministic variations from the system and handle huge amounts of data. Also, the software applications needed for the understanding of noise in biomedical/physiological systems are almost non-existent. Most computational investigations are carried out using custom-made functions or toolboxes via commercially available packages such as MATLAB (MathWorks, Natick, MA, USA) or SAS (SAS Institute, Cary, NC, USA). On the experimental side, we need to develop experiments and tools that can characterize the noise behavior in systems. The ultimate goal for these advances is to achieve full stochastic resolution over different scales and systems. However, a plan for wide dissemination of data acquired in these experiments should be embedded in these projects to accelerate advances in noise physiology. We anticipate that a limited number of laboratories will have necessary monetary, equipment and staff resources needed to carry some of these sophisticated experiments.
Noise is potentially a very powerful tool in physiology and medicine. We hope this paper will catalyze further research and applications of noise to improve human health and ameliorate diseases.
